Recently the Multiple Point Principle has been introduced [1] , which states that 'there are many "vacua" with approximately the same energy density or cosmological constant', and as a consequence Nature adjusts the coupling and mass parameters so as to make many different vacua exist and have approximately the same energy. We show that the first part of this principle naturally emerges, i.e. all the vacua have zero cosmological constant. But this does not lead to any adjustment of the coupling and mass parameters of the Standard Model. The relations between the parameters of the effective theory can be imposed by the cosmological constant consideration if the different vacua can coexist in the same Universe. This can lead to non-zero fermionic charge of the coexisting vacua, which in turn can induce the baryonic asymmetry of matter.
Dealing with quantum vacuum whose 'microscopic' physics is still unknown the high-energy, general-relativity and condensed-matter communities use different experience developed in working in each of those fields [2] .
The fact that in condensed matter there is a rather general class of fermionic systems, where the relativistic quantum field theory gradually emerges at low energy [3] , provides us with some criterion for selection of the particle physics theories: the theory must be consistent with the condensed matter experience. Let us apply this extremistic criterion to the Multiple Point Principle recently introduced by Froggatt and Nielsen [1] .
Froggatt and Nielsen related the problem of the Standard Model parameters and the cosmological constant problem. They raised the question: why the cosmological constant is (approximately) zero only for that vacuum in which we leave? Since our vacuum has no special preferrence compared to the other possible minima of the effective potential, should the cosmological constant be (approximately) zero for all of them? So they postulated that all the vacua which might exist, as minima of the effective potential, should have (approximately) zero cosmological constant. Using this Multiple Point Principle (MPP) they arrived as some prediction for the correlation between the coupling constants in their extended Standard Model: the fine structure constants must adjust themselves in such a way that there are several possible vacuum states with the same energy density. Moreover, in the subsequent paper [4] it was suggested that MPP can serve as a basic principle to explain the present value of the cosmological constant.
Let us consider what condensed matter can say on that suggestions. First, from the condensed-matter examples it follows that the energy density is zero in any vacuum irrespective of whether the vacuum is true or false [3] . If the phase transition between two vacua occurs, the energies of these vacua are zero both before and after the phase transition. This occurs due to microscopic degrees of freedom which always adjust themselves to nullify the energy density in a global equilibrium. In the effective quantum field theory emerging in quantum liquids, such degrees of freedom comes from the number density n of the underlying bare particles -the atoms of the liquid. The relative change of the number density which compensates the change of the vacuum energy after the phase transition, say, between superfluid 3 He-A and superfluid 3 He-B is
Here the transition temperature T c characterizes the energy scale of the superfluidity, and the Fermi energy E F characterizes the atomic scale of the liquid.
Such a small correction of the microscopic parameters does not change the parameters of the effective theory of superfluidity in the low-energy corner. The translation to the language of the Standard Model is straightforward. Let us consider the relative change of the microscopic (trans-Planckian) parameters needed to nullify the vacuum energy after, say, the electroweak phase transition. In this case one must identify T c ≡ E ew , E F ≡ E Pl , while the relative change of the microscopic parameters in quantum liquids corresponds to the relative change of the Planck physics parameters, and thus one can identify δn/n ≡ δE Pl /E Pl . One must also take into account that the vacuum in non-superfluid normal 3 He belongs to the Fermi-surface universality class, while the vacuum of the Standard Model above the electroweak transition belongs to the universality class with Fermi points. That is why they have different density of fermionic states:
This gives an additional factor E 2 ew /E 2 Pl , as a result the relative correction to the Planck energy needed to compensate the energy change of the vacuum after the electroweak transition is
Such response of the vacuum is so extremely small that it cannot influence the parameters of the effective low-energy theory -the Standard Model. This demostrated that the adjustment of the deep vacuum does not lead to any sizable correlation between the parameters of the Standard Model, and thus the cosmological constant problem has nothing to do with the parameters of the effective theory. However, the MPP contains a more strong assumption than the statement that each vacuum always acquires zero energy. It assumes that all the possible vacua must have zero energy simultaneously, i.e. these vacua can coexist. Can this more strong condition lead to correlation between the parameters of the Standard Model as suggested by Froggatt and Nielsen? Let us again refer to the condensed matter analogs to find out whether different vacuua can coexist, with all of them having the same energy density equal zero, and whether such a coexistence imposes any constraint on the parameters of the effective theories in these vacua.
For that let us consider the quantum liquid formed by the mixture of k sorts of atoms. An example of the mixture of k = 2 components is provided by the liquid solution of 3 He atoms in 4 He liquid. The number of atoms N a of each species a is conserved, and it serves as the conserved fermionic charge of the vacuum (the ground state of the mixture). The relevant vacuum energy whose gradient expansion gives rise to the effective quantum field theory for quasiparticles at low energy is [5] 
where H is the Hamiltonian of the system; N a is the particle number operator for atoms of sort a in the mixture; and µ a is their chemical potential. If the liquid is in equilibrium it obeys the Gibbs-Duhem relation which expresses the energy E = H through the other thermodynamic varaibles including the temperature T , the entropy S, the particle number N a = N a and the pressure P :
From this thermodynamic relation and Eq.(3) one obtains at T = 0 the familiar equation of state for the vacuum, which is valid both for relativistic and non-relativistic systems:
where we also introduced the energy density ǫ = E/V and particle number density n a = N a /V . If the system is isolated from the environment, its pressure is zero and thus the energy density is zero too:
For such condensed-matter systems, in which the effective gravity emerges in the low-energy corner, this equation means that the effective cosmological constant is zero. This nullification occurs without fine-tuning for any vacuum since the microscopic degrees of freedom -the particle number densities n a and chemical potentails µ a -automatically adjust themselves in equilibrium in such a way that the Gibbs-Duhem relation (4) is satisfied.
A-vacuum The droplet is isolated from environment, so that in all three vacua the pressure P = 0 if the curvature of the boundary of the droplet and the curvature of interfaces are neglected. That is why the energy density is also zero in all three coexisting vacua: ρ A = ρ B = ρ C = 0. Volumes V A , V B and V C occupied by the three vacua are determined by the total charges of the droplet:
The more components the liquid has, the more flexible is the vacuum state, and as the result the number ν of different vacua which can coexist is bigger. In such flexible system the strong Multiple Point Principle naturally emerges. For the system with k components, the maximal number of different vacua which can coexist being separated by the phase boundaries is ν max = k (see Fig. 1 for ν = k = 3), and all of these vacua have zero energy density: ρ (i) vac = 0 (i = 1, ..., ν max ). This results from the following consideration. The coexisting vacua must have the same chemical potentials µ a and the same zero pressure. Thus for each vacuum i the pressure as a function of the chemical potentials must be zero: P (i) (µ 1 , µ 2 , ..., µ k ) = 0. All these ν equations can be satisfied simultaneously if ν ≤ k. Does this coexistence lead to any restrictions on the parameters of the low-energy effective theories in these vacua? In principle, yes, if some of the variables n a are soft variables belonging to the low-energy world. An example is provided by the superfluid phases of 3 He, A and B, which can coexist at T = 0 and P = 0 in an applied magnetic field H [7] . The corresponding vacuum energy density is
where n is the number density of 3 He atoms; S is the density of the angular momentum which comes from the spins of the atoms (each atom has spin h/2); Ω = γH; and γ is the gyromagnetic ratio of the 3 He atom. For a given direction of the magnetic field, say H = Hẑ, the liquid can be represented as the mixture of the k = 2 components, with spin up and spin down:
where
Since we have effectively k = 2 components, the ν = 2 vacua can coexist in the absence of the environment, i.e. at P = 0. This is the reason why A and B phases can coexist at T = 0 and P = 0. As distinct from the variable n, the fermionic charge S z is a soft variable since in typical situations it is zero (in the absence of external magnetic field). When the two vacua coexist, both variables n and S z adjust themselves to nullify the pressure (and thus to nullify the 'cosmological constant' ρ vac ) in each of the two phases. However, while the change of the particle density is negligibly small, δn/n ∝ T 2 c /E 2 F ≪ 1, the change of the variable S z is essential since it changes from zero. The energy density related to non-zero S z is on the order of S 2 z /E 2 Pl . Comparing this with the superfluid energy T 2 c E 2 Pl one obtains that the characteristic spin density of the vacuum which emerges to compensate the AB phase transition is
This is much bigger than the adjustment of the particle density n in Eq.(1). As a result the parameters of the effective theory, which describe superfluidity, also change considerably. In particular, the originally isotropic B-phase becomes highly anisotropic in the applied magnetic field (or at non-zero spin density of the liquid) needed for coexistence of A and B phases.
Note that S z is the fermionic charge of the vacuum, and in principle it is not related to the fermionic charge of matter, since in our example the matter (quasiparticles) is absent. However, the charge asymmetry of the vacuum can cause the possible charge asymmetry of matter which can induce the excess of the fermionic charge of matter, and thus the non-zero matter density even at T = 0.
Translating this to the language of the relativistic quantum field theory, one can exploit an analogy between the global charges: the spin S z of the quantum liquid in its ground state and the global charges in our quantum vacuum, such as the baryonic charge B (see Sec. 5 in [8] ) or the family charge [9] . The nonzero spin S z of the liquid must occur to provide the coexistence of the A and B vacua in superfluid 3 He at T = 0. In the same manner the baryonic charge B or family charge F could naturally arise in the quantum vacuum to establish the equilibrium between the coexisting vacua. For example, let us consider the coexistence of several vacua whose physics differ below the energy scale E which in turn is much smaller than E Pl . The energy densities involved in the coexistence of the vacua are on the order of E 4 . If for such coexistence the non-zero baryonic charge of the vacuum is needed, one can estimate the density of this baryonic charge by equating the energy density difference E 4 and the energy density B 2 /E 2 Pl stored by the charge:
Such non-zero baryonic charge of the vacuum could be in the origin of the baryonic asymmetry of the matter in our Universe -an excess of the baryons over antibaryons, n B > nB.
In conclusion, the solution of the cosmological constant problem does not require any adjustment of the parameters of the effective theory emerging at low energies. This is because in any vacuum the energy density responsible for the cosmological constant, i.e. the gravitating part of the vacuum energy, is always zero ρ vac = 0. This occurs by automatic adjustment of the microscopic ultraviolet degrees of freedom, which practically does not influence the parameters of the effective infrared theories. In this respect the Multiple Point Principle naturally emerges since all the vacua have zero cosmological constant. But this does not require any relation between the fermionic and bosonic masses, or the other parameters of the Standard Model.
If the Multiple Point Principle is considered in a broader context, as the possibility of the coexistence of two or several different (i.e. not connected by symmetry) vacua in the same Universe, the situation can be different. If our Universe is on the coexistence curve, so that ν different vacua do coexist being separated by the phase boundaries as in Fig. 1, this can impose the restrictions on the parameters of the effective theories. Such restrictions occur if the adjustment to equations P (i) vac = 0 for all ν vacua cannot be realized without excitation of the soft degrees of freedom. In this situation the coexisting vacua have non-zero fermionic charges, which could be in the origin of the CP violation and baryonic asymmetry of our Universe.
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